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I INTRODUCTION  AND  OVERVIEW 


Project  STRESS  (Satellite  TRansmission  Effects  Simulations)  was  a 

( 

communication  experiment  sponsored  by  the  Defense  Nuclear  Agency  (DNA)  in 
cooperation  with  the  Air  Force  Electronics  System  Division  (ESD)  and  the 
Air  Force  Avionics  Laboratory  (AFAL) . Tlie  principal  purpose  of  the  ex- 
periment was  to  evaluate  the  performance  of  satellite  communication  links  i 

under  perturbed  conditions  that  simulate  many  aspects  of  a post-nuclear- 
burst  environment.  This  perturbed  environment  was  produced  by  the  use  of 

artificial  l)arium  ion  clouds  released  at  an  altitude  of  185  km.  An  NC-i35  ' 

test  aircraft,  receiving  signals  from  a synchronous  communication  satel- 
lite, was  directed  to  fly  a course  during  whicli  the  signal  path  passed 
through  the  ionized  barium  cloud  while  measurements  were  made  of  data 
transmission  quality. 

The  experiment  scenario  depended  on  ground-based  radar  and  optical 
instrumentation  for  tracking  the  barium  cloud.  The  position  of  the  shadow 
cast  by  the  barium  cloud  on  the  ground  coverage  of  the  communications  satel- 
lite was  determined,  and  then  displayed  on  the  CRT  screen  of  an  air-traffic 
controller,  along  with  the  radar-determined  position  of  the  test  aircraft. 

The  air-traffic  controller  then  vectored  the  aircraft  to  intercept  tlie 
shadow  region. 

The  overall  program  consisted  of  one  release  in  early  December  1976, 
and  five  releases  during  late  February  and  March  1977,  all  at  Eglin  Air 
Force  Base,  Florida.  The  release  in  December,  code  named  ANNE,  was  used 
to  test  the  performance  of  the  individual  test  element  hardware  and  the 
ability  of  those  elements  working  in  concert  to  maneuver  the  aircraft 
into  the  cloud-shadow  region.  Modification  of  the  hardware  or  the  inter- 
face procedures  was  performed  in  the  interim  period  before  the  five  1977 
releases . 

This  report  deals  with  the  television-aided  tracking  system  (here- 
after referred  to  as  the  TV-track  system)  used  to  determine  the  cloud  and 
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c Loud-sliadow  positions  during  the  twilight  period  when  the  clouds  were 
optically  visible.  Design  objectives,  hardware  construction,  field 
operation,  and  data  reduction  are  discussed  in  the  following  sections. 
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II  SYSTEM  DESIGN  AND  CONSTRUCTION 


A . Background 

Tile  overall  design  of  Lhe  TV-track  system  was  based  on  a similar 
system^  used  by  the  University  of  Alaska  during  the  SECEDE-II  series  of 
barium  releases  conducted  at  Eglin  AFB  during  early  1971.  In  the  SECEDE-II 
series,  the  TV  system's  primary  purpose  was  to  generate  a cloud-track  tliat 
was  used  in  real-time  to  vector  a photographically-instrumented  aircraft 
to  tlie  foot  of  the  magnetic  field  line  passing  through  the  cloud.  The 
successful  operation  of  that  W system  established  a high  degree  of  con- 
fidence in  optical  tracking  systems  in  general.  Tlie  problems  encountered 
during  that  system's  real-time  operation  were  extremely  useful  in  estab- 
lishing the  successful  netting  philosophy  for  the  STRESS  releases. 

R . Siting.  Netting,  and  Hardware 

It  was  decided  to  again  establish  TV-track  observing  sites  at  three 
locutions,  to  provide  redundance  in  the  cloud-tr iangulation  procedure,  as 
well  as  to  provide  a backup  capability  in  the  event  of  cloud  cover  ob- 
scuring one  site.  No  reason  was  found  to  cliange  the  locations  from  those 
usid  during  SECEDE-tl.  Those  sites  are_ separated  by  baselines  of  nearly 
100  km,  appropriate  to  liigh-resolution  triangu la L ion  from  a 200-km  range 
to  Lhi-  ri'lcuses.  The  TV-track  sites,  located  at  Tvndall  Air  Force  Base 
site  '1702,  Eglin  AFB  site  C-b,  and  lhe  Barin  Fiild  Naval  Air  Station,  ain. 

• lu'wn  in  Figure  1 alc'ng  witli  other  elements  oi  tlu-  STRESS  I'xperiment 
matrix.'  Also  shown  in  Figure  1,  are  .i  gi m r.i  I i ,'ed  box  model  of  a 
barium  cloud  (assumed  to  be  centered  at  183  ki  .illil  idi>)  and  the  posi- 
tions of  tlie  ground  shadow  of  that  cloud  .ipp  r.'pr  i .i  t e to  the  pre-STRESS 
and  STRESS  tests. 


* 

References  are  listed  in  the  Reference  section- 
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FIGURE  1 PROJECT  STRESS:  INSTRUMENT,  CLOUD,  AND  SHADOW  LOCATIONS 


Note  that  the  C-6  TV  site  was  collocated  with  the  FPS-85  Space  Track 
Radar,  which  was  used  to  perform  the  radar  track  of  the  ion  clouds  by 
incoherent-scatter  techniques.  Site  C-6  was  established  as  the  principal 
site  of  the  TV  net,  containing  the  triangulation  computer  and  the  contact 
point  for  the  balance  of  the  STRESS  matrix.  Under  normal  operating  con- 
ditions, the  TV-derived  ion-cloud  position  was  relayed  to  the  FPS-85 
radar  installation  by  means  of  acoustic-ccupled  phone  lines.  The  FPS-85 
computer  then  projected  the  cloud  position  from  the  satellite  line-of- 
sight  with  the  same  algorithms  used  to  generate  a cloud  shadow  from  the 
radar-derived  cloud  position.  The  TV-derived  cloud  and  cloud-shadow 
positions  were  then  relayed  to  the  various  STRESS  users  by  personnel  in- 
side the  FPS-85  building.  The  primary  cloud-data  user  was  the  aircraft- 
controller,  located  at  CERTS  on  the  Eglin  main  base.  Secondary  users 
were  personnel  associated  with  the  probe-rockets  at  the  launch  site,  and 
the  optical  interferometer  at  Tyndall  site  9702. 

Figure  2 is  a schematic  diagram  of  the  tracking  hardware  at  each  site. 
A low-light-level  TV  camera  [ Cohu  Model  4410,  Silicon-Intensif ied-Target 
(SIT)  camera]  was  mounted  on  a motor-driven  platform  with  remote  controls 
for  setting  azimuth  and  elevation.  Azimuth  and  elevation  readouts  were 
digitized  to  14-bit  accuracy  for  dispiay  and  for  input  to  the  central 
triangulation  computer  at  site  C-6.  The  digital  look-angle  data  were 
transmitted  from  the  "wing"  sites  (Tyndall  and  Barin)  to  the  TV-net  central 
computer  at  C-6  on  commercial  phone  lines  by  means  of  acoustic  coupiers. 

The  central  computer  (HP-2100)  performed  the  triangulation  of  the  cloud 
position  using  data  from  one,  two,  or  all  three  of  the  sites  according  to 
selection  procedures  and  algorithms  discussed  in  Section  II-C,  belov>7.  It 
then  computed  the  look  angles  of  this  theoretical  cloud  location  as  seen 
from  each  site  ai.d  transmitted  these  angles  back  to  each  site  along  the 
same  phone  lines  used  for  the  data  input.  The  look-angle  data,  along 
with  an  electronically-generated  boresight  reticle,  were  stored  in  a 
matrix  memory  device  at  each  site.  The  contents  of  the  matrix  memory 
Wi  continuously  mixed  with  the  video  from  the  camera  and  displayed  on 
the  monitor  screen.  The  operator  was  thus  provided  with  video  imagery 
of  the  cloud,  overlaid  with  a boresite  and  the  computed  cloud  position 
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FIGURE  2 BLOCK  DIAGRAM  OF  SITE  EQUIPMENT  FOR  TV-TRACK  SYSTEM 


as  seen  from  his  site.  In  addition  to  its  own  boresight,  tho  C-6  TV 
monitor  displayed  the  central  portions  of  tho  Barin  and  Tyndall  boresiglit 
overlays . 

The  TV  tube  in  the  Cohu  cameras  was  an  RCA  SIT  vidion  v\^ith  a 16-mm 
format.  The  cameras  were  equipped  with  f/0.95,  50-mm  focal-length  lenses 
(Sclineider  "Xenon"  Model  CM120),  giving  a TV  field  of  view  roughly  10.5° 
(vertical)  by  14  (horizontal).  A narrowband  interference  filter  (26.5  A 

o 

full-width  at  iuilf  maximum,  4563  A peak  wavelength,  587o  peak  transmission) 

0 

was  used  to  isolate  the  4554  -A.  line  and  enhance  the  visibility  of  tho  ion 
cloud  wlicn  viewed  against  the  bright  twilight  sky.  Tliese  filters  could 
l)c  manually  placed  over  tlie  TV-camera  lenses,  and  permitted  acquisition 
of  the  cloud  5 to  10  minutes  earlier  than  would  otherwise  have  been  pos- 
sible. By  l)locking  out  the  liglit  from  the  neutral  cloud,  tlte  ion  filti-rs 
also  helped  in  identifying  the  early  development  of  structure  in  the  ion 
c lf)ud . 

Figure  3 is  an  example  of  tlie  video  imagery  available  at  each  site; 
these  pictures  were  taken  from  event  DIANNE  at  0034  GMT  (release  + 32 
minutes,  50  seconds).  The  sequence  of  bars  and  dots  across  the  top  of 
each  screen  is  a time  code,  which  was  also  stored  and  updated  in  the 
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FIGURE  3 TV  IMAGERY  OF  EVENT  DIANNE  AT  0034  UT  (R  + 32  min,  50  s)  AS  RECORDED  ON  VIDEO  TAPE 
AT  THE  THREE  TV-TRACK  SITES 


[ matrix-memory  device.  The  Length  of  the  iower  bar  in  the  time  code  in- 

* creased  one  step  at  tlte  change  of  the  minute  and  an  upper  bar  (absent  in 

I;  this  case)  showed  the  hour.  In  the  Tyndall  screen,  the  computed  cloud 

position  is  tlie  short  bar  iust  to  the  lower  left  of  the  ion-cloud  luminos- 
; ity.  The  boresight  reticle  is  the  group  of  two  short  and  two  long  bars 

i near  the  center  of  the  screen.  In  the  Barin  screen,  the  boresight  reticle 

and  computed  cloud  position  (short  bar  touching  the  left-hand  bar  of  the 
reticle)  are  visible,  along  with  a burn  spot  on  ttie  TV-camera  tube  (central 
dark  blotch),  and  spurious  bits  injected  into  the  matrix  memory  by  inter- 
ference on  the  C-6/Barin  data- Line  phone  connection  (long  bar  just  to  the 
left  of  the  burn  spot).  In  the  C-6  screen,  the  boresight  reticles  and 
computed  cloud  positions  from  Tyndall  and  Barin  are  overlaid  onto  the 
lower  left  and  right  (respectively)  corners  to  sliow  the  scientific  di- 
rector at  C-6  the  magnitude  and  sense  of  the  tracking  discrepancies  at 
the  two  wing  sites. 

Figure  4 shows  how  the  hardware  and  operators  of  the  three  sites 
were  netted  to  provide  the  needed  real-time  feedback  in  the  tracking 
procedure.  F.ach  site  operator  X'las  responsible  for  maintaining  a steady 
track  on  the  relevant  portion  of  the  ion  cloud  as  it  evolved  in  time. 

Tile  scientific  director  viewed  the  C-6  display,  and  received  information 
orally  from  the  wing-site  operators  concerning  the  gross  structure  of  the 
cloud  as  seen  from  their  site.  The  scientific  director  then  determined, 
on  the  basis  of  this  information  from  the  wing  sites,  visual  imagery  of 
the  cloud  as  seen  from  C-6,  and  the  visual  overlay  of  the  borcsiglit/ 
compu ter- track-point  discrepancies  at  all  sites,  whether  eacli  site  should 

m 

maintain  track  on  their  chosen  part  of  the  cloud,  or  sliould  shift  emphasis 
to  a different  portion  of  the  cloud.  Tliis  real  time  feedback  was  quite 
necessary  liecause  of  the  differing  appearance  of  tlie  diffuse,  geometrically 
complex  barium  clouds  from  the  three  wide ly- sepa ra ted  points  of  view. 
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EGLIN  C-6 


FIGURE  4 NETTING  DIAGRAM  FOR  TV-TRACK  SYSTEM 


C . TrianRuLatlon  AlRorltlwi  and  Software 

Figure  5 is  a flow  chart  of  the  internal  tracking  loop  used  by  the 
TV-track  computer  at  the  C-6  site.  The  left  side  of  the  figure  shows 
the  three  alternate  paths  available  for  computing  the  cloud  position,  de- 
pending upon  whether  one,  two,  or  three  of  the  TV  sites  were  active  at 
the  time.  The  selection  of  active  sites  was  made  in  real  time  by  front- 
panel  switches  operated  by  tlie  C-6  operator  on  the  basis  of  sky  and  hard- 
ware conditions  at  each  site.  The  right  side  of  the  figure  shows  tlie 
uses  made  of  the  computed  cloud  position. 

Under  normal  conditions,  the  'TV-track  sliadow  given  to  the  aircraft 
controller  was  calculated  by  the  FPS-85  computer  because  of  tin.  higher- 
accuracy  algorithms  and  satellite-position  data  available  in  that  facility. 


rhe  software  of  Figure  5 was  fully  operational  only  for  the  latter  five 
S'lKK.SS  releases.  See  Section  III-A  for  differences  during  the  first 
release  (event  ANNF) . 
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« 

The  TV  track  computer  generated  and  printed  its  own  cloud-shadow  position  J 

at  all  times,  as  a backup  in  case  the  FPS-85  computer  or  data  link  failed.  ] 

TV-track  cloud  position  was  smoothed  before  being  presented  to  the  FPS-85, 
because  the  TV-track  interface  was  limited  to  a data  rate  that  would  have 
greatly  under-sampled  tlie  available  TV-track  data. 

{ 

The  algorithm  for  determining  the  cloud-location  from  single-site 
observations  was  to  take  the  point  where  the  look-angle  vector  from  the 
single  active  site  penetrated  a spherical  surface  at  the  empirical-model 
altitude.  (The  empirical-cloud  altitude  actually  was  taken  to  be  the  ‘ 

distance  above  a geocentric  sphere  passing  through  the  C-6  site.)  For 
events  ANNE  and  BETTY,  the  empirical  model  held  the  cloud  altitude  con- 
stant at  a height  of  185  km.  For  subsequent  events,  the  empirical  height 
formula  used  for  the  cloud  altitude  as  a function  of  time  was: 

h = 140  + 45  exp(-0. 0001633  t)  (1) 

where  h is  the  cloud  altitude  in  km,  and  t is  the  time  after  release  in 
seconds.  Equation  (1)  is  an  empirical  fit  to  the  cloud-altitude  data  of 
event  ANNE  from  tlie  radar  track. 

The  algoritlim  for  generating  a cloud  location  with  two  active  sites, 
called  A and  B for  example,  was  as  follows.  First,  define  a plane  by  the 
vectors  ;\B  and  AC,  with  the  vector  AB  running  between  the  two  active  sites 
and  AC  being  the  pointing  vector  from  site  A to  the  cloud.  Second,  assume 
(to  first  order  accuracy)  tliat  the  pointing  vector  BC  from  site  B to  the 
cloud  lies  in  tliat  same  plane,  thus  defining  a triangle  ABC  wliere  C is 
the  intersection  of  the  two  pointing  vectors.  In  this  procedure,  the 
angle  CBA  is  maintained  the  same  as  the  angle  between  the  intersitc  vector 
BA  and  the  true  pointing  vector  from  site  B.  (Another  way  of  lociking  at 
it  is  tiiat  the  pointing  vector  from  site  B to  the  cloud  is  rotated  in 
space,  about  an  axis  BA  running  between  the  two  sites,  until  it  lies  in 
the  plane  defined  above.)  Third,  solve  that  triangle  for  the  distance 
AC  and  BC;  i.e.,  the  distances  from  eacli  site  to  tlie  first-order  location 
of  tlie  cloud.  Fourth,  determine  the  locations  in  space  oT  the  points  ly- 
ing along  the  true  pointing  vectors  and  at  distances  AC  and  BC  from  sites 
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A and  13,  respectively.  Call  these  points  c'  and  C , respectively.  (Note 
that  with  the  geometry  as  defined  above,  and  C will  be  identical.) 
Fifth,  take  the  two-station  solution  to  be  the  midpoint  of  the  line  be- 
tween and  C'  , and  the  distance  C 'C  is  defined  as  the  miss-distance  of 
that  two-station  solution. 

The  algorithm  for  generating  a cloud  location  with  three  active  sites 
starts  by  calculating  the  three  independent  two-station  solutions  and 
their  associated  miss  distances.  These  throe  positions  are  then  averaged 
in  a manner  that  weights  each  two-station  solution  according  to  the  in- 
verse of  its  miss  distance.  The  formula  for  this  average,  assuming  sites 
A,  B,  and  C are  active,  is; 


P 


‘^BC‘^AC^AB  ^AB^Bc’^AC 

'^Ab'^AC  ‘^AB^AC  ‘^BC^AC 


(2) 


where  P is  the  vector  three-station  solution,  P,_  is  the  vector  two- 

AB 

station  solution  using  pointing  angles  from  sites  A and  B,  and  o is 

Aij 

the  associated  miss  distance,  etc. 

The  computer  operator  has  the  option  of  normali^-ing  eitlier  the  two- 
station  solution  or  the  three- s ta  t ion  solution  to  the  empirical  heiglit 
appropriate  to  that  time.  To  do  this,  t 'e  calculated  position  is  trans- 
lated along  a magnetic  field  lino  (i.e.,  along  the  axis  of  tlie  cloud 
striations)  to  tlie  appropriate  lieight.  TIu'  field  line  was  taken  as  having 
a 61°  dip  angle  and  a 3°  declination  to  the  east. 

Tlie  time  constant  of  the  track-smoothing  filter  referred  to  in 
Figure  5 was  chosen  to  be  about  three  minutes.  This  value  eliminated 
most  of  the  unintentional  operator  tracking  jitter,  and  yet  allowed  tlie 
track  point  to  be  shifted  on  a reasonable  time  scale  from  one  area  of 
the  cloud  to  another. 

D . System  Kvolution  and  Operating  Fxperience 

Several  operational  difficulties  in  tliis  procedure  became  apparent 
as  the  test  series  evolved.  Integrating  the  oral  and  visual  inputs  from 
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the  three  sites  into  a usefuL  picture  of  the  ion  cloud  demanded  the  con- 
stant attention  of  the  scientific  director,  to  the  exclusion  of  communi- 
cating witli  the  balance  of  the  STRESS  experiment  net.  The  manual  task 
of  actually  tracking  the  cloud  at  C-6,  on  the  other  hand,  was  quite 
simple,  and  coincidentally  demanded  the  same  kind  of  attention  to  the 
cloud  evolution  as  was  already  required  of  the  scientific  director.  The 
scientific  director  therefore  took  on  the  role  of  C-6  operator  as  well. 

The  second  person  at  C-6  was  then  able  to  devote  full  attention  to  the 
triangulation  computer,  monitoring  the  behavior  of  tlie  computed  track 
point,  and  relaying  cloud-track  data  intermittently  to  otlier  STRESS  ex- 
perimenters. This  division  of  duties  was  much  more  satisfactory  tiian  the 
division  portrayed  in  Figure  4. 

A less  remediable  operating  difficulty  became  more  and  more  evident 
as  the  test  series  continued.  This  involved  the  extreme  difficulty  of 
orally  conveying  sufficient  information  about  the  cloud's  appearance  on 
the  wing-site  monitors  to  allow  the  scientific  director  to  swiftly  de- 
velop a feeling  for  the  very  complex  three-dimensional  cloud,  and  to  de- 
termine where  on  that  cloud  each  site  was  pointing.  It  was  usually  only 
after  seeing  each  site's  video  tapes  of  the  event  that  the  scientific 
director  was  able  to  fully  appreciate  the  cloud's  appearance  from  each 
site . 

The  oral  communication  of  visual  imagery  between  the  sites  did  im- 
prove throughout  the  course  of  the  test  series,  but  the  learning  curve 
was  too  slow  to  be  effective  for  a six-test  series.  It  is  now  apparent 
that  this  problem  could  have  been  properly  addressed  only  by  relaying 
the  video  imagery  of  the  wing  sites  back  to  the  central  site  so  that  the 
scientific  director  could  see  all  three  views  of  the  cloud  simultaneously. 
This  would  allow  tlie  director  to  acquire  a much  better  feeling  for  the 
cloud's  shape,  and  for  wliich  part  of  the  image  should  be  tracked  by  each 
site.  Mo 'e  importantly,  it  would  allow  the  director  to  advise  each  site 
operator  in  a visual  reference  frame  common  to  both.  For  instance,  an 
instruction  to  a site  operator  to  "move  your  aim  point  45°  upward  and  to 
the  right  by  half  an  inch"  is  much  more  useful  than  an  instruction  to 
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This  is  especially 


"move  about  halfway  back  toward  the  tail  of  the  cloud." 
true  when  the  site  operator  is  not  sure  whether  the  tail  of  the  cloud  is 
Lipscreen  or  downscreen  on  the  display  at  that  particular  time,  as  was 
often  the  case. 

A third  operational  difficulty  that  became  apparent  during  the  test 
series  was  that  the  Barin  site  was  generally  of  very  little  use.  Because 
of  its  brighter  sky,  Barin  acquired  the  cloud  much  later  than  Tyndall  and 
C-6,  and  always  had  a much  less  distinct  view  of  the  cloud.  By  the  time 
the  Barin  sky  was  dark  enough  for  optimum  viewing,  the  sun  was  already 
setting  on  the  cloud.  The  Barin  general  picture  of  the  cloud  was  occa- 
sionally helpful  in  steering  the  Tyndall  and  C-6  combination  up  and  down 
tlie  field  lines,  but  this  did  not  happen  often  enough  for  the  site  opera- 
tion to  be  merited  on  those  grounds  alone. 

In  initial  STRES.S  planning  it  was  thought  advisable  to  place  the 
tliird  TV-track  site  somewhere  to  the  west  of  C-6  to  be  prepared  for  a 
westward  drift  of  the  ion  cloud.  It  was  thought  tliat  the  STRESS  clouds 
released  2 to  4 hours  before  sunset  might  be  blown  to  the  west  and  re- 
quire a site  such  as  Barin  for  optimum  observation.  It  is  now  apparent 
tliat  an  eastward  ion-cloud  drift  near  sunset  at  Eglin  is  a virtual  cer- 
tainly. A tliird  triangulation  site  to  the  east  of  Tyndall  would  have 
been  preferable,  and  should  be  adopted  in  the  event  of  future  test  series 
similar  to  STRESS. 

Another  comment  about  siting  preferences  is  Chat  tlie  Tyndall  to  C-6 
baseline  was  not  long  enough  for  an  effective  real-time  height  determina- 
tion of  tiie  cloud.  When  the  cloud  was  midway  between  tlie  two  sites, 
neither  site  had  a sufficiently  orthogonal  view  of  the  cloud's  extent 
along  the  field  lines  to  suitably  restrict  the  altitude  variability  of 
the  computed  cloud  location.  Anotlier  way  of  stating  the  problem  is  that 
the  opening  angle  between  tlie  C-6  and  Tyndall  pointing  vectors  to  the 
cloud  was  so  small  that  the  random  differences  in  target  objects  chosen 
by  the  two  sites  gav<  large  altitude  variations  in  the  computed  two-station 
solution.  Altliougli  the  Tyndall  to  C-6  baseline  is  suitable  for  post-event 
triangulation  of  fitu-scale  features,  it  was  not  optimum  for  real-time 
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triangulacion  of  medium- si zed  regions  of  the  cloud.  For  future  tests,  it 
would  be  desirable  to  use  a site  emplaced  considerably  farther  east  of 
Tyndall.  In  addition  to  providing  a larger  baseline,  the  earlier  sunset 
of  such  a site  would  permit  earlier  optical  acquisition  of  the  cloud. 


19 


Ill  SYSTEM  OPERATION 


This  section  of  the  report  contains  a brief  description  of  the  opera- 
tion of  the  TV  net  during  each  of  tlie  six  releases.  The  cloud -pos  i t ion 
tracks  obtained  during  the  operations  are  discussed  in  Section  IV. 

Table  1 is  a summary  of  tlie  temporal  data  for  tlie  six  releases. 

Notice  that  the  progression  of  release  time  was  from  late  to  early.  ANNE 
was  released  at  96°  SDA  wlien  the  experience  of  SECEDE  showed  that  the  sky 
v^7as  dark  enough  to  permit  a continuous  optical  track  following  tlie  release. 
Succeeding  releases  were  made  progres.sively  earlier,  so  tliat  the  clouds 
could  be  documented  during  tlie  twilight  optical  windovv;  at  progressively 
later  stages  in  their  evolution.  As  the  series  progressed,  the  TV  net 
acquired  the  cloud  at  earlier  times,  and  consistently  acquired  the  later 
clouds  at  about  an  SDA  of  3°.  The  track  duration  in  most  cases  was  about 
40  minutes. 

A . Pre-STRE.SS:  Event  ANNE 

Water  clouds  were  present  at  all  three  sites  during  event  /WNE , 
which  interfered  with  the  TV  imagery  to  varying  degrees.  At  Barin,  the 
barium  cloud  was  obscured  almost  completely  by  overcast,  being  discernible 
only  during  the  flash  as  the  barium  was  released,  and  for  a few  intermit- 
tent periods  of  seconds  at  later  times.  The  deleterious  effect  of  the 
overcast  at  Barin  was  compoundeil  hv  the  fact  that  the  barium  cloud  was 
within  a few  degrees  of  the  nearly-full  moon.  The  overcast  was  consider- 
ably thinner  at  (1-6  and  TyndaLl,  wlu>re  the  release  was  clearly  observed 
and  the  barium  cloud  position  was  obscured  onLy  i n termi t ten t Ly . The 
cloud  track  was  generated  by  two-station  tracking  from  C -6  and  TyndaLl. 
irack  was  initiated  immediately  after  release  and  continued  for  about 
30  minutes  before  tlie  cloud  liegan  to  fade.  The  cloud  was  finally  lost 
from  the  C-6  site  35  minutes  after  release,  and  from  Tyndall  somcwliat 
earl  ler . 
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SUM>URY  OF  STRESS  TEMPORAL  DATA  FOR  TV-TRACK  SYSTEM 


Post-event  analysis  of  the  TV-track  data  sliowed  that  the  two-station 


' solution  agreed  quite  well  with  the  FPS-85  radar  track.  The  TV-track 

! data  sent  to  the  l'PS-85  was  misinterpreted  within  the  FPS-85  computer; 

the  latitudinal  and  longitudinal  displacements  from  the  reference  location 
were  interchanged.  This  resulted  in  the  optically-derived  cloud-shadow 
locations  being  considerably  in  error.  The  aircraft  followed  the  optically- 
derived  shadow  and  gathered  no  data  for  the  first  27  minutes  of  cloud  life. 

. Fortuitously,  the  true  cloud-shadow  and  the  shadow  derived  from  the  inter- 

changed data  crossed  paths  at  that  time  and  the  aircraft  began  acquiring 
data.  Shortly  af tervviards,  the  sun  set  on  the  cloud  and  tiie  aircraft  vyas 
directed  to  follow  the  radar-derived  cloud  track. 

A further  difficulty  during  event  ANNE  was  the  occurrence  of  large 
and  apparently  random  excursions  of  the  shadow  on  the  ground,  making  it 
difficult  for  the  aircraft  to  intercept  the  optically-derived  cloud 
sliadow.  This  problem  was  traced  to  the  random  altitude  excursions  of 
the  two-station  C-6  and  Tyndall  solution  as  the  two  sites  tracked  the 
cloud.  These  altitude  excursions  were  magnified  in  projecting  tlie  cloud 
location  down  to  the  shadow  location,  and  the  subsequent  erratic  beliavior 
of  the  shadow  prevented  the  air  traffic  controller  from  accurately  direct- 
ing the  aircraft  to  intercept  cloud  shadow.  The  solution  to  this  problem 
was  to  allow  the  triangulated  cloud  position  to  assume  any  altitude,  but 
to  translate  that  position  along  tlie  earth's  magnetic  field  lines  to  a 
smoothly-varying  cloud-center  altitude  before  generating  a cloud  shadow 
(empirical -height  solution  in  Figure  5).  Furthermore,  since  the  data- 
^ rate  of  the  link  from  the  TV-track  computer  to  the  FPS-85  was  not  able 

\ to  pass  each  independent  TV  determination  of  the  cloud  location,  it  was 

decided  to  pass  the  TV-track  data  through  a smoothing  filter  before 
presentation  to  the  FPS-85  computer.  The  TV  track  software  flow  chart 
, given  in  Figure  5 is  thus  appropriate  to  the  system  as  it  operated  in 

I 

the  latter  five  STRESS  releases,  rather  than  for  event  ANNE. 

In  summary,  the  TV-track  system  performed  during  event  ANNE  in  a 
manner  tliat  revealed  several  problems  with  the  system  and  its  use,  but 
showed  no  major  obstacles  to  its  successful  use  in  STRESS  per  se. 
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B . 

L . Event:  BETTY 

Event  BETTY  also  occurred  under  Less- than-op timum  sky  conditions, 
witli  Light  overcast  at  TyndaLL  and  C-6,  and  Light  to  heavy  overcast  at 
Barin.  The  actual  release  was  not  observed  on  any  of  the  TV  systems,  as 
it  occurred  considerably  to  tlie  south  of  the  anticipated  Location.  Event 
I5ETTY  was  the  first  barium-ion  cloud  to  be  released  at  a solar  depression 
angle  ( SDA)  of  less  than  6°,  and  hence  was  subject  to  somewhat  of  a learn- 
ing experience  in  adapting  to  the  brighter  sky-background  conditions. 

C-b  was  the  first  TV  site  to  acquire  the  cloud,  at  R + 11  minutes.  A 
single-site  track  was  initiated  at  that  tim.e  with  the  cloud  altitude  being 
fixed  at  185  km  (the  empirical-model  software  for  cloud-altitude  falling 
as  a function  of  time  was  not  operational  for  event  BETTY).  Most  of  the 
early  cloud  track  was  generated  by  the  C-6  single-site  track  because 
Tyndall  and  Barin  had  only  intermittent  views  of  the  cloud.  Barin  had 
rain  shower  about  R + 26  minutes,  for  which  the  equipment  liad  to  be 
covered,  and  the  Barin  site  was  generally  useless  during  the  entire  event. 
Tyndall  visibility  improved  substantially  near  R + 35  minutes  and  a two- 
station  track  was  used  for  the  next  10  minutes.  Site  C-6  became  completely 
overcast  at  R + 46  minutes,  shortly  before  the  sun  set  completely  on  tlie 
cloud  as  observed  from  Tyndall  a t R + 48  minutes. 

Again,  the  'lY-track  data  was  not  useful  to  the  aircraft  con- 
troller, because  two  of  the  32  coaxial  cables  connecting  the  lA'- i nterface 
unit  to  the  FPS-85  computer  were  interclianged  during  the  expi.'riment  setup. 
Tliis  problem  was  identified  during  post-event  data  analysis,  and  was  cor- 
rected by  arranging  to  leave  the  interface  unit  connected  to  the  computer 
for  the  remaintler  of  tiu’  STRESS  test  windovv?.  Tlie  problem  liad  not  been 
detected  before  the  release  because  last-minute  changes  in  the  release 
scenario  necessitated  foregoing  some  of  the  normal  cons i s tency-cliecks  be- 
tween tin  ERS-85  and  TV- track  computi'rs. 
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Event  CAROLYN 


Visibility  at  Tyndall  and  C-6  was  quite  good  for  most  of  event 
CAROLYN,  but  Barin' s view  of  the  barium-ion  cloud  was  somewhat  degraded 
by  cirrus.  Tlie  actual  release  was  seen  by  all  sites  and  the  ion  cloud 
itself  was  first  acquired  by  the  Tyndall  site  at  R + 6 minutes,  followed 
by  C-6  at  R + 8 minutes.  A two-station  track  was  maintained  until  R + 30 
minutes  when  tlic  ion  cloud  became  sufficiently  distinct  through  tlie 
cirrus  at  Barin  that  a tliree-site  track  could  be  initiated.  Low-altitude 
cumulus  obscured  tl\e  C-6  view  of  the  ion  cloud  at  R + 42  minutes,  shortly 
before  tlie  TV-track  was  terminated  by  the  sun  setting  on  the  cloud.  The 
cloud  faded  from  view  at  Tyndall  at  approximately  R + 49  minutes.  The 
southern  edge  of  the  ion  cloud  passed  through  the  Tyndall  magnetic  zenith 
at  ~R  + 42  minutes,  providing  a magnificent  view  of  some  very  narrow  (N'-S') 
and  extremely  long  (E-W)  sheets. 

CAROLYN  was  a well-behaved  ion  cloud  in  the  sense  tliat  a fairly 
well-defined  group  of  striations  formed  at  the  head  (trailing  edge)  of  tlie 
cloud  and  maintained  tlieir  identity  as  the  cloud  drifted  to  the  east. 

Since  this  striation  group  was  easily  identifiable  from  all  sites,  and 
unquestionably  the  most  interesting  part  of  tlie  cloud  from  a STRESS  point 
of  view,  the  TV  track  job  was  made  considerably  easier.  The  TV-track 
software  and  all  interfaces  worked  well  during  event  CAROLYN,  resulting 
in  an  opical  track  that  was  quite  smooth  and  usable  by  the  aircraft 
control ler . 

3.  Event  DIANNE 

Skies  over  all  three  TV  sites  were  reasonably  clear  throughout 
the  entire  release.  The  release  was  again  seen  by  all  sites,  and  by  this 
time,  the  site  operators  were  sufficiently  well  experienced  in  finding 
the  ratlier  amorplious  early  cloud  that  the  ion  cloud  was  kept  in  continuous 
track  following  the  release.  The  initial  cloud  track  was  a two-station 
(Tyndall  and  C-6)  track.  At  R + 14  minutes,  the  skies  became  dark  enough 
over  Barin  to  make  that  site  view  useful  and  a three-station  track  \-ias 
initiated.  Tlie  optical  track  continued  until  R + 41  minutes;  the  cloud 
was  lost  from  view  around  R + 44  minutes. 
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DIAXN'K  wd.s  not  a weLL-behaved  ion  cloud.  It  developed  a kink 
near  the  midpoint,  starting  at  about  R + 16  minutes.  The  striations  at 
the  head  (trailing  edge)  of  the  cloud  moved  out  of  the  main  body  of  the 
cloud  much  faster  than  the  previous  releases,  resulting  in  a rather  tenu- 
ous bunch  of  striations  with  an  ill-defined  center.  An  attempt  was  made 
to  keep  the  TV'-track  aim  point  within  the  striated  region  at  the  head  of 
the  cloud,  and  closer  to  the  unstriated  main  body  from  which  the  stria- 
tions were  emerging  than  to  the  lead  striation.  Tiie  tracking  situation 
was  further  confused  when  a second  striated  region  developed  behind  the 
kink,  well  away  from  the  head  of  the  cloud.  This  second  group  of  stria- 
tions was  ignored  in  picking  the  TV-track  target. 

The  TV-track  cloud  position  was  well  behaved  during  event 
DIA.XNE,  with  the  empirical  height  solution  providing  the  smoothest  track 
of  any  of  the  STRESS  releases.  Unfortunately,  the  FPS-85  computer  went 
down  at  around  R + 20  minutes,  and  the  restart  procedure  introduced  an 
erroneous  coordinate-system  zero  into  the  software  that  handled  the  TV- 
track  data.  The  TV-track  data  given  to  the  aircraft  controller  were  thus 
invalid  after  R + 20  minutes.  This  error  was  discovered  around  R + 30 
minutes,  and  it  would  have  been  possible  then  to  relay  the  TV-track  cloud 
position  directly  to  the  aircraft  controller  without  going  through  the 
FPS-85.  The  aircraft  was  successfully  encountering  the  cloud  shadow  using 
radar  c loud- tracking  data  alone,  liowever,  so  the  TV-track  data  were  not 
used  during  the  final  10  minutes  of  optical-track  data. 

4.  Event  ESTHER 

ESTHER  was  the  first  of  the  two  clouds  released  considerably 
before  sunset.  By  the  time  the  ion  cloud  oecame  visible  it  was  almost 
completely  striated,  and  turned  out  to  .--e  a rather  good  object  to  track. 
Tiiere  was  a well-defined  group  of  striations  that  maintained  their  iden- 
tity, both  collectively  and  individually,  as  the  cloud  drifted  to  the 
southwest.  The  occasional  discontinuities  in  the  optical  track  occurred 
because  of  a decision  to  change  emphasis  to  a different  part  of  the  cloud, 
as  tile  entire  cloud  became  visible  and  its  overall  structure  became  more 
apparent. 
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Skies  were  quite  clear  LlirougliouL  the  event  at  ryndaii  and  C-6. 
Tliere  was  a lilgh,  thin  ov'ercast  at  Barin,  however,  which  resulted  in  the 
Barin  picture  being  consistently  fuzzy,  with  none  of  the  well-defined 
structure  seen  at  Tyndall  and  C-b. 

Tile  C-b  personnel  noticed  during  the  event  that  the  striations 
at  the  head  of  tlie  cloud  seemed  to  become  "less  well  defined"  as  the 
cloud  aged,  even  while  the  relatively  young  striations  near  the  center  of 
the  cloud  remained  visually  sharp.  If  this  qualitative  impression  could 
be  strengtliencd  b}'  quantitative  analysis  of  tlie  ESTHER  photographs,  it 
would  provide  useful  information  on  late-time  striation  morphology. 

TV'-track  software,  the  EPS-85  interface,  and  the  FPS-85  com- 
IJuter  all  worked  welt  during  event  ESTHER.  Differences  in  the  optical 
and  radar  track  were  noted  in  real  time  and  were  ascribed  to  choosing 
different  portions  of  the  very  large  cloud  to  track.  The  radar-track 
remained  smootli  and  continuous  during  the  optical  lifetime  of  the  cloud, 
and,  because  the  aircraft  was  successfully  acquiring  data,  no  need  was 
seen  to  switch  to  the  optical  track  during  the  visible  cloud  lifetime. 
0|)ticai  track  of  the  cloud  extended  from  R + bl  to  R + 103  minutes,  with 
the  last  vestige  of  cloud  radiance  lasting  until  about  R + 106  minutes. 

5.  Event  FERN 

Event  FERN  was  much  like  event  ESTHER  Insofar  as  TV- track  sys- 
tem operation  was  concerned.  All  sites  were  clear,  the  cloud  was  well 
striated  as  it  became  visible,  and  the  Barin  view  of  the  cloud  was  margin- 
ally useful.  Again,  all  TV  hardware  and  software  worked  well  and  a solid 
track  was  maintained  from  R + 78  to  R + 120  minutes.  The  cloud  was  no 
longer  perceptible  by  R + 126  minutes. 

An  attempt  was  madt'  to  center  the  TV  track  on  tlie  easternmost 
area  of  structured  luminosity.  It  was  noticed  tliat,  as  in  tiie  case  of 
ESTHER,  the  TV  track  was  east  of  the  radar  track,  but  it  was  assumed  that 
the  discrepancy  was  again  caused  by  different,  but  equally  valid,  portions 
of  Lite  cloud  being  tracked.  However,  when  the  aircraft  was  directed  to 
intercept  the  c loud-shadow  generated  from  the  optical  track  (at  about 
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R + 70  minutes  when  the  radar  temporarily  lost  track  on  the  cloud),  the 
magnitude  of  tlie  cloud-generated  interference  effects  was  observed  to 
decrease  markedly.  We  now  believe  this  is  because  the  TV  net  was  tracking 
not  the  liead  of  the  main  ion  cloud,  but  the  eastern  end  of  the  ion  bridge, 
which  liad  had  sufficient  time  since  release  to  form  striatlons  of  its  own. 
This  belief  is  based  upon  the  low  density  of  that  region  as  observed  by 
tlie  aircraft,  and  upon  the  noticeably  earlier  fading  of  that  region  when 
compared  to  the  main  cloud  region  (implying  a significant  difference  in 
altitude,  and  hence  a different  origin). 

Figure  6 is  a montage  of  three  views  of  the  cloud  as  seen  from 
C-6  over  a 90-second  time  span.  Region  A is  the  part  of  the  ion  cloud 
upon  which  the  TV  net  focussed  while  tracking  the  cloud.  Region  B is 
assumed  to  be  in  the  main  ion  cloud  and  is  the  portion  of  the  cloud 
tracked  by  tlie  FPS-85.  Note  that  the  azimuth  and  elevation  lines  in 
Figure  6 are  only  approximate,  since  the  montage  v;as  created  by  overlaying 
TV  pictures  generated  over  a 90-second  period. 


The  term  "ion  bridge"  denotes  the  nebulous  region  of  barium  ionization 
left  by  the  neutral  cloud  as  it  is  blown  I'astward  of  the  main  ion  cloud. 
It  is  produced  by  pliotod i ssoc i a t ion  of  BaO,  followid  bv  photoionization 
of  the  barium,  and  has  a much  lower  ion  density  titan  tlie  main  ion  cloud. 
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IV  DATA  ANALYSIS 

A . Overview 

Analysis  of  tlie  TV-track  data  was  oriented  toward  two  objectives. 

Tlie  first  objective  was  to  compare  the  optically-  and  radar-derived  time- 
histories  of  the  cloud  locations  to  determine  the  nature  and  significance 
of  any  discrepancies.  The  second  objective  was  to  utilize  the  triangula- 
tion software  developed  in  the  course  of  the  TV-track  project  to  identify 
on  cloud  photographs  the  location  of  significant  radar-  and  probe-derived 
cloud  features.  Work  connected  with  the  latter  objective  was  closely 
coordinated  with  concurrent  work  at  SRI  on  the  STRESS  radar  track  project."^ 
Additional  RF/optics  data  comparisons,  especially  of  event  DIANNE,  will  be 
found  in  forthcoming  technical  reports  on  that  project. 

B . Cloud-Track  Location 

Figures  7 through  12  show  the  ground  projections  of  tlie  cloud-track 
point  for  events  ANNE  througli  FERN.  The  TV-track  data  are  given  as 
heavy  lines  with  ten-minute  markers;  the  radar-track  data  are  given  as 
liglit  lines  with  twenty-minute  markers. 

For  event  ANNE,  Figure  7,  the  TV-track  shows  large  Nortli-South  ex- 
cursions about  the  radar  track.  These  are  caused  by  the  cloud  altitude 
computed  from  the  two-station,  Tyndall  and  C-6,  solution  moving  up  and 
d(iwn  the  field  line  upon  which  the  cloud  resided.  As  mentioned  before, 
thesi.'  altitude  excursions  produced  large  East-West  excursions  of  the 
cloud-shadow  location,  a problem  that  inspired  the  implementation  for 
events  BETTY  through  FERN  of  the  emp irica 1-lieight  solution.  In  addition 
to  tlie  North-Soutli  oscillations.  Figure  7 shows  that  the  TV-track  point 
was  significantly  east  of  the  radar-track  point.  This  was  caused  by  the 
TV-net  choosing  to  track  a portion  of  the  ion  cloud  close  to  the  head  of 
the  cloud  (also  called  the  hard  edge  or  trailing  edge);  the  radar,  nowever. 
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FIGURE  7 TV  AND  RADAR  TRACKS  OF  ION  CLOUD  — EVENT  ANNE 


au  Lomii  L i ca  L 1 y gravitated  toward  the  most  dense  part  of  the  cloud  (inte- 
grated over  the  radar-beam  volume).  This  discrepancy  was  aece|5ted  as  a 
genuine  difference  between  the  two  methods  of  tracking  and  no  attempt 
was  made  to  force  a common  track  point  for  the  two  systems  for  the  later 
I'vents . 

Also  shown  in  Figure  7 is  the  erroneous  TV-track  location  used  by 
the  FPS-85  computer  in  its  computation  of  an  optically-determined  ground 
sliadow.  This  erroneous  track  was  generated  when  the  computer  software 
interclianged  the  east-west  and  north-south  displacements  of  the  TV  cloud 
track  point  from  the  anticipated  cloud-release-point. 

Tlie  track  of  event  BFTTY,  shown  in  Figure  8,  is  much  smoother  tlian 
tile  ANNE  track;  it  shows  the  track-smoothing  effect  of  tlie  empirical- 
height  solution  (for  BETTY  the  empirical  height  solution  placed  the  cloud 
at  a constant  altitude  of  185  km).  The  radar  lost  tlie  cloud  just  after 
release  and  did  not  reacquire  it  until  R + 40  minutes,  a time  period  indi- 
cated by  tlie  light  dashed  line  in  Figure  7.  Since  the  dashed  line  is  only 
an  extrapolation  between  two  known  radar  locations,  the  disagreement  be- 
tween it  and  the  IV  track  is  not  judged  to  be  significant.  The  nonuniform 
cloud  velocity  indicated  by  the  differing  distance  between  10-minute  marks 
on  the  TV  track  was  caused  by  changing  the  portion  of  the  ion  cloud  tracked 
by  the  I'V  net.  As  mentioned  above,  the  TV-track  cloud  location  data  used 
by  the  FFS-85  was  again  in  error,  in  this  case  because  of  an  interchange 
of  cables  connecting  the  TV-interface  unit  to  the  FPS-85  computer. 

The  IV-track  for  event  CAROLYN,  shown  in  Figure  9,  agrees  quite  well 
with  the  radar  track.  Since  the  radar  track  point  automatically  gravi- 
tated to  the  highest-average-electron-density  portion  of  the  ion  cloud, 
this  agreement  shows  that  during  the  optical  lifetime  of  this  well-behaved 
event,  the  striated  head  of  the  cloud  must  have  retained  a high  average 
electron  density. 

Event  DIANNE,  shown  in  Figure  10,  presents  a different  behavior.  At 
R + J8  minutes,  when  the  radar  came  back  on  lino  (following  a computer 
failure),  it  was  reset  to  the  optical  track  point.  The  radar  track  then 
moved  west,  not  because  the  cloud  was  moving  west,  but  because  the  radar 
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FIGURE  8 TV  AND  RADAR  TRACKS  OF  ION  CLOUD  — EVENT  BETTY 


FIGURE  9 TV  AND  RADAR  TRACKS  OF  ION  CLOUD  — EVENT  CAROLYN 


FIGURF  10  TV  AND  RADAR  TRACKS  OF  ION  CLOUD  — EVENT  DIANNE 


was  automatically  seeking  the  region  of  highest  average  electron  density. 
Tlie  radar  settled  down  and  began  a reasonably  smootli  eastward  motion  at 
a point  considerably  to  the  west  of  the  extrapolated  optical  track.  Tlii s 
siiows  tliat  tile  center  of  tlie  striated  region  tracked  optically  was  lu't 
tlie  region  Il'ich  the  highest'  average  density  for  DIANNK. 

rhe  track  of  event  ESTHER,  shown  in  Figure  ll,  portrays  the  later 
stages  of  another  well-behaved  ion  cloud  with  the  radar  track  being  quite 
smooth  during  the  optical-cloud  lifetime.  The  initial  eastward  bias  of 
the  optical  track  is  caused  by  the  eastern  end  of  the  cloud  liaving  the 
greatest  contrast  in  the  early  twilight,  and  thus  appearing  as  the  best 
target  to  an  optical  system.  The  optica  I- track  moves  closer  to  that  of 
the  radar  as  the  overall  structure  of  the  cloud  becomes  more  apparent  in 
the  darkening  sky.  In  the  case  of  ESTHER,  where  LES-8  was  the  transmitting 
Satellite  (as  opposed  to  LES-9  for  releases  ANNE  through  DIANNE),  it  was 
convenient  to  give  the  optically-derived  cloud-shadow  track  on  the  same 
plot,  as  indicated  by  the  line  marked  ".shadow." 

The  optical  track  of  event  FERN,  shown  in  Figure  12,  is  east  of  the 
radar  track,  apparently  (as  discussed  earlier)  because  tlie  n,’-net  was 
tracking  the  ion  bridge.  The  erratic  nature  of  the  radar  track  resulted 
from  intermittent  attempts  to  manually  reset  the  radar  to  overcome  severe 
RFI  interference  problems.^ 

C . Comparison  of  Optical  and  Radio  Data 

To  aid  in  the  interpretation  of  optical  and  radio  data,  overlays  of 
azimutli  and  elevation  were  generated  for  selected  barium  cloud  photographs. 
Those  overlays  were  generated  by  a computer  program  tliat  used  the  right 
ascension  and  declination  of  the  stars,  the  location  of  the  viewing  sta- 
tion, the  time  and  date  of  the  photographs,  and  the  location  of  tliree 
reference  stars  in  some  convenient  cartesian-coordinate  system  appropriate 
to  the  pictures.  With  these  inputs,  a full-size  computer  plot  was 


The  photographs  used  in  this  section  were  graciously  provided  by  Tech- 
nology International  Corp. 


FIGURE  11  TV  AND  RADAR  TRACK  OF  ION  CLOUD — EVENT  ESTHER 
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FIGURE  12  TV  AND  RADAR  TRACKS  OF  ION  CLOUD  — EVENT  FERN 


generated  for  each  photograph  showing  the  positions  of  the  stars  in  the 
field  of  view  along  with  lines  of  constant  azimuth  and  curves  of  constant 
elevation  referenced  to  tlie  viewing  station. 


The  accuracy  of  the  overlays  was  judged  by  comparing  the  computer- 
generated star  locations  with  those  in  the  photographs.  in  all  cases 
considered  in  this  section,  the  computer-generated  star  positions  agreed 
with  the  actual  ones  in  the  photographs  to  within  0.1%  in  angular  posi- 
tion. This  accuracy  was  sufficient  for  our  purposes  and  since  photograpliic 
paper  stretch  can  introduce  errors  of  this  magnitude  no  attempt  was  made 
to  further  refine  the  overlays. 

The  photographic  overlays  and  the  parameters  used  in  generating  them 
provided  the  means  of  plotting  radar  or  TV  pointing  directions  (azimuth 
and  elevation)  on  selected  pictures  of  the  barium  cloud.  Tlie  trajectory 
of  the  probe  rocket  viewed  from  different  photographic  sites  was  expressed 
in  terms  of  azimuth  and  elevation  from  the  site  of  interest  and  plotted 
on  tl\e  overlays.  With  these  variables  plotted,  it  is  possible  to  better 
appreciate  the  relationship  between  measurements  made  by  the  various  radio 
sensors  and  our  physical  view  of  the  barium  ion  cloud  gained  largely 
through  optical  data. 

Two  types  of  radar-derived  density  data  are  presented  in  tliis  section. 
One  type  is  a plot  of  electron  density  (analogous  to  barium  ion  density 
because  of  charge  neutrality)  as  a function  of  range  for  a particular 
radar  pointing  direction  and  time.  These  plots  typically  represent  at 
least  a 1-second  average  over  40  pulses.  Tlie  background  ionospliere  lias 
been  removed,  so  that  what  is  shovyn  is  the  excess  ionization  above  the 
normal  ionosphere  contributed  by  the  barium  ion  cloud. 

The  second  type  of  radar  data  shows  fluctuations  in  electron  density 
as  a function  of  range  for  a particular  radar  look  angle  and  time.  These 
curves  were  generated  by  subtracting  a "smootli"  profile  from  the  unfiltered 
cloud  profiles  mentioned  above.  The  residue,  shown  as  tlu'  "fluctuations" 
curves,  is  believed  related  to  structure  (striations)  within  the  ion  cloud. 
Because  the  procedure  used  in  calculating  the  fluctuations  involves  a 
difference  between  large  quantities,  it  was  particularly  error  sensitive 
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anil  random  noise-like  peaks  can  appear.  To  minimize  this  type  of  noise, 
fluctuations  for  ESTHER  were  averaged  over  four  records.  FERN,  however, 
was  plagued  with  propagated  noise  that  could  not  be  removed  by  averaging. 
Thus,  fluctuations  for  FERN  are  unaveraged.  In  either  case,  the  peaks 
were  considered  significant  only  if  tliey  persisted  over  a number  of  records 
and  if  they  changed  in  range  with  antenna  motion. 

The  "point"  tracked  by  the  TV-track  operator  is  also  shown  in  each 
picture.  Comparison  of  the  T\'-track  point  and  radar  measurements  shows 
how  successful  the  TV-track  system  was  in  locating  and  tracking  the  re- 
gion of  maximum  electron  density  within  the  ion  cloud.  In  addition,  the 
juxtaposition  of  radar  measurements  with  the  ion  cloud  gives  a guide  in 
the  interpretation  of  the  radar  data  in  terms  of  our  physical  picture 
of  the  cloud. 

1 . Event  DIANNE 

Six  probe  rockets  were  launched  during  STRESS  to  provide  in 

situ  electron  density  measurements  of  the  ion  cloud.  Altliough  all  six 

probes  launches  during  DIANNE,  ESTHER,  and  FERN  (two  probes  for  eacli 

barium  release)  apparently  penetrated  the  general  volume  of  the  ion 

cloud,  the  penetration  generally  occurred  at  times  of  poor  or  no  optical 

coverage.  The  one  exception  was  the  second  probe  launclied  during  DIANNE, 

probe  flight  51-2.  This  probe  entered  the  cloud  around  0034:30  and 

measured  a peak  density  of  1.4  X 10^“^  el/m^  at  a height  of  182.71  km. 

Although  the  FPS-85  was  inoperative  at  this  time  because  of  a power 

failuri  , wi'  I’siimate  from  measurements  before  and  afte*"  the  power  failure 

12  3 

that  th.  pi-.ik  density  within  the  ion  cLo.id  was  at  .east  4 x 10  el/ra  . 

le  d-  t'  rmin.  th.  r»-gii'n  probed  by  tlu'  rocket,  consider  its 
tlijht  I.  i'  ..  I ir..:i  ( -h,  Cr.iyton  Re.ich,  .tnd  I'vndall.  Six  points  on 
th.  I...  t I fi  .1.  i.'i  ir.  shown  in  . .ich  I r.itni'  of  Figure  13.  The  point 
il-ntiti.l  VI'  . I "..pi.ti."  is  t n.  positimi  of  tiu'  probe  wlien  it  first 
ini.’iini  r.  I o > i is.  i .i  ioniz.iiion  above  the  normal  background  iono- 
. pill  I'.  . I‘i  ; I r tills  st.irtinr  from  this  origin  locate  otlier  sig- 

nitiiaiit  l . a t h.  ^ il.'ii.  t 'n  roiket  p.ith  as  summarized  in  Table  2. 


FIGURE  13  EVENT  DIANNE:  MONTAGE  OF  PHOTOGRAPHS  SHOWING  TRAJECTORY  OF  ROCKET  PROBE  51-2 


Table  2 


SUMMARY  OF  SIGNIFIDYNT  POINTS 
ALONG  TRAJECTORY  OF  PROBE  5 1 -2 


Point 

Time  (UT) 

Height  (km) 

Remarks 

1 

0034:30.6 

171.41 

Cloud  entry 

2 

0034:35.6 

175.07 

3 

0034:40.6 

178.51 

Sheet  entry 

4 

0034 : 46 . 6 

182.33 

Peak  density 

5 

0034:50.6 

184.71 

Sheet  exit 

6 

0034:59.6 

189.52 

Cloud  exit 

A necessary  condition  for  the  points  shoV'zn  in  Figure  13  to  Lie 
\vithin  the  volume  of  the  ion  cloud  defined  by  the  photograph  is  that  all 
corresponding  points  lie  on  the  ion  cloud.  We  emphasize,  however,  that 
the  actual  extent  of  the  ion  cloud  cannot  be  sharply  delineated  and  that 
the  photographic  extent  of  the  cloud  is  a function  of  exposure  time  and 
geon.  cry.  That  is,  tne  pictures  may  show  regions  of  high  illumination 
and  not  necessarily  regions  of  high  electron  densities.  Nevertheless, 
it  is  useful  to  interpret  the  rocket  probe  data  in  terms  of  its  position 
with  respect  to  the  photographs. 

With  the  above  criterion,  the  Tyndall  view  shows  immediately 
that  points  4,  5,  and  6 lie  outside  of  the  visible  cloud.  A similar 
conclusion  can  be  drawn  for  points  1 and  2 from  the  Grayton  Beach  photo- 
graph. Although  vie  can  conclude  that  point  3 probably  lies  in  the  cloud, 
this  conclusion  is  weakened  by  the  proximity  of  the  point  to  the  top  edge 
of  the  cloud  in  the  Grayton  Beach  photograpli.  In  fact,  since  maximum 
density  is  measured  at  point  4,  whicli  clearly  lies  outside  of  the  cloud, 
we  conclude  that  probe  51-2  did  not  penetrate  the  volume  of  the  ion  cloud 
as  defined  in  Figure  13.  Thus,  there  is  no  inconsistency  in  the  lower 
electron  density  measurement  made  by  the  probe  in  comparison  with  the 
FPS-85  measurements. 
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2. 


Event  ESTHER 


ESTHER  was  an  important  event  because  of  the  transmission  if- 
' fects  that  it  produced.  Both  rocket  probes  recorded  higlily  strucLuri  I 

data,  but  unfortunately  no  optical  data  are  available  during  the  time  of 
the  probes.  Figure  14  shows  ESTHER  at  a time  (0035  UT)  wlien  piiotograpin  c 
' and  radar  data  were  particularly  good.  In  addition  this  Lime  is  of  in- 

terest because  strong  fading  was  encountered  by  the  aircraft. 

The  region  probed  by  the  FPS-85  was  generally  limited  to  tlie 
lower  portion  of  the  cloud  around  point  "A."  A typical  radar-di rived 
electron  density  profile  along  the  radar  line-of-siglit  "A"  and  tlie  cor- 
* responding  fluctuation  curve,  which  reveals  five  well  defined  " s tr ia t ions ," 

are  shown  above  the  photographs.  Projection  of  the  radar  line  of  sight 
tiirouglt  point  "A"  onto  the  Tyndall  view  shows  that  the  peaks  in  the 
fluctuations  do  bear  a close  relationship  to  striations  in  the  ion  cloud. 

We  have  also  picked  a point  "B"  in  the  upper  portion  of  the 
ion  cloud  not  probed  by  radar  which  appears  to  pierce  a ratlier  distinct 
striation-like  feature.  Projection  of  this  line  of  siglit  on  the  Tyndall 
photograph,  however,  does  not  single  out  any  particular  striation. 

(Points  B through  B were  cliosen  to  be  at  ranges  of  240,  260,  280,  and 

1.  4 

300  km,  respectively,  from  C-6.)  In  contrast  to  points  A^^  through  A,, 

I which  we  know  because  of  the  radar-derived  range  information  lie  in  Llie 

I barium  cloud,  we  do  not  know  tlie  status  of  any  of  the  four  B points.  I'lnis, 

while  it  is  probably  correct  to  associate  A^  with  that  distinct  feature 
wliich  also  appears  to  lie  beltind  y,  we  cannot  draw  similar  conclusions  for 
» any  of  the  B points.  This  points  out  the  difficulty  of  locating  an  ob- 

‘ ject  in  space  without  range  information. 

3.  Event  FERN 

I 

Event  FERN  was  the  most  interesting  of  tlie  six  releases  from  a 
i phenomenology  point  of  view.  Tht  first  rocket  prolie  first  encountered 

tile  cloud  at  an  altitude  of  about  130  km  and  apparently  remained  in  an 
enlianced  region  until  an  altitude  of  210  km.  FERN'  also  produced  strong 
E-  and  F-region  returns  on  the  vertichirp  radar.  These  returns  persisted 
for  many  tens  of  minutes  and  had  a frequency  extent  up  to  18  MHz. 
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Figure  L5  shows  how  FERN  appeared  from  C-6  and  Tyndall.  The 
radar  data,  both  electron  density  profiles,  and  fluctuation  curves  are 
stiown  in  the  inserts.  The  sharp  peak  at  a range  of  187  km  is  not  under- 
stood, but  because  it  remained  stationary  in  range  as  the  radar  pointing 
angle  was  changed,  it  is  believed  to  be  a noise  peak  and  not  cloud  re- 
lated. The  radar  data  also  show  significant  peaks  around  the  150-km 
range  (106-km  altitude).  Some  of  the  features  in  this  region  are  prob- 
ably related  to  the  E-layer  returns  seen  by  the  Vertichirp  radar. 

Inspection  of  the  C-6  view  of  FERN  shown  in  Figure  15  reveals 
a distinct  feature  that  extends  down  and  to  the  left  and  which  we  have 
identified  with  an  "A"  and  a "B."  In  trying  to  locate  this  feature  on 
the  Tyndall  view,  we  have  projected  the  lines  of  sight  through  A and  B 
onto  the  Tyndall  picture.  The  extreme  point  on  each  projection  deline- 
ates the  extent  of  the  cloud  as  determined  by  the  measured  electron 
density  profiles.  From  these  projections,  we  conclude  that  the  bulk  of 
the  ion  cloud  above  point  B in  the  C-6  view  lies  to  the  right  and  outside 
the  field  of  view  of  the  Tyndall  camera.  The  feature  of  interest  in 
the  C-6  view  thus  appears  to  be  such  a big  object  that  it  occupies  al- 
most the  entire  field  of  view  in  the  Tyndall  photograph. 
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V DISCUSSION,  CONCLUSIONS,  AND  RECOMMENDATIONS 


The  outstanding  success  of  the  FPS-85  radar  in  tracking  the  STRESS 
clouds  has  largely  relegated  op tica 1- tracking  systems  to  a backup  role 
if  similar  test  series  are  performed  in  the  future.  An  optica  1- track 
system  does,  however,  provide  acceptable  backup  to  the  radar.  Further- 
more, it  provides  a means  for  the  radar  to  acquire  or  reacquire  the  cloud 
if,  as  in  the  case  of  event  DIANNE,  the  radar  gets  hopelessly  Lost. 

The  TV-track  system  performance  in  the  field  and  post-event  data 
analysis  have  led  to  certain  conclusions  that  should  be  noted  for  future 
re  ference . 

(1)  As  the  ion  cloud  evolves  in  time,  or  as  its  entire  structure 
becomes  visible  in  the  darkening  sky,  any  optical  tracking  sys- 
tem Vi^ill  be  forced  occasionally  to  switch  track  from  one  part  of 
the  cloud  to  anotlier  in  a rather  discontinuous  fashion.  This  is 
a natural  consequence  of  the  physical  processes  operating  on  the 
cloud,  and  the  discontinuities  cannot  be  eliminated  by  any  sort 
of  predictive  algorithm.  The  effect  of  these  discontinuities 
can  be  mitigated,  however,  by  a more  sophisticated  algorithm 
for  relaying  cloud-track  information  to  a user.  Such  an  algo- 
rithm should  probably  be  structured  to  account  for  the  finite 
extent  of  the  cloud  in  the  horizontal  direction,  and  tlie  general 
location  of  the  chosen  track  point  within  that  horizontal  di- 
mension. A detailed  study  of  the  wide  variety  of  clouds  observed 
during  STRESS  will  be  very  useful  in  developing  any  future 

op ti ca 1- track  systems. 

(2)  For  an  optical  system  used  to  track  the  striated  region  of  a 
barium  ion  cloud,  as  opposed  to  point-tracking  a single  stria- 
tion,  it  is  preferable  to  use  a single-site  system  with  an 
empirical  model  for  the  cloud  lieight.  The  accuracy  of  such  a 
single-site  solution  is  quite  adequate  for  experiments  like 
STRESS,  and  the  track  is  nut  subject  to  tlie  random  fluctuations 
caused  by  two  sites  hunting  for  a common  aim  point  in  the  cloud. 

(3)  There  were  occasions  during  some  of  the  events  when  two  or  more 
stations  did  converge  on  a single  identifiable  feature  and  main- 
tain track  for  a significant  period  of  time.  The  track  preci- 
sion at  these  times  was  much  higlier  tlian  could  have  l)cen  ob- 
tained from  the  radar.  On  other  occasions  (e.g.,  DIANNE),  the 
<iptical  system  was  tracking  trai  ling-edge  striations  tl)at  were 
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not  seen  by  tlie  radar  because  the  average  electron  density  in 
the  radar  beam  was  too  low.  Although  the  precision  track  and 
tlie  low-density-region  track  capabilities  of  the  optical  system 
were  not  important  in  STRESS,  they  may  be  in  some  future  ex- 
periments. For  a reliable  and  consistent  precision  track,  how- 
ever, it  is  absolutely  essential  that  the  central-site  operator 
be  supplied  with  tlie  video  from  the  other  participating  sites. 
Only  by  looking  at  all  views  of  the  cloud  can  he  liope  to  develop 
a mental  picture  of  the  tliree-dimensional  sliape  of  tlie  cloud, 
and  intelligently  direct  aimpoint  changes  in  the  various  sites. 

A larger  field  of  view  than  used  for  STRESS  would  also  be 
needed  for  accommodating  late-time  barium  releases. 
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